Intensive care units now exist in a large number of hospitals. They vary from one another in many respects, but have one thing in common -high running costs. There are few published reports in recent years of the workload, results and effectiveness of intensive care units. This paper presents data obtained from a new unit in 1977 and 1978, using a computer-controlled system of data storage and analysis. This has provided useful information of an administrative and clinical nature, and has enabled us to compare data from year to year, as well as allowing comparisons with data from other units. The potential exists for such a system to be used in evaluating criteria for admission and termination of care, and for cost-effectiveness studies.
INTRODUCTION
Intensive care units now abound, and are recognized as an expensive but presumably necessary facility.
Documentation of ~heir workload and results received attention in the 1960s (O'Donnell 1966 , Spence 1967 , Gunner et al. 1968 ). However, since that time, and particularly in the last five years, there have been changes in the concept of intensive care. A better general understanding of disease processes such as septicaemic shock, adult respiratory distress syndrome (ARDS), and closed head injuries has developed pari passu with the availability of more intensive monitoring and diagnostic procedures.
Patient management has improved with the availability of more, and better trained nursing staff, the appreciation of the need for close informed medical management and a better understanding of the effects of therapy on particular disease processes. Dehydration and positive end expiratory pressure (PEEP) in ARDS, catecholamine infusions in septicaemic shock, volume expansion based on pulmonary capillary wedge pressure measurements in the oliguric patient, and aggressive management of the patient with head injuries have all contributed to improved care.
Since most published data does not reflect current practice, and because data from many units is unavailable due to pressure of work and poor record keeping, we decided to record data using a versatile low labour intensive system.
Our aims in establishing the system were to provide accurate data on unit workload, which would support requests for staff and equipment, and would serve as a data base from which to argue policies of admission and discharge. Clinical data was to be recorded in such a way that patients admitted, modes of t·herapy, methods of monitoring and complications could be audited, enabling comparisons to be made from year to year of any of these parameters. We also wished to establish a data base which would allow comparison of our unit with other units. An additional purpose was to provide data which would allow cost-effectiveness to be measured. This paper describes the use of a computer controlled system of intensive care data analysis and discusses the value of the information derived.
BASIC CONSIDERATIONS
Every intensive care unit is unique in respect of its organization, staffing, equipment and policies, and conclusions drawn from this study can only be interpreted in the light of the following factors.
J. The Hospital
Flinders Medical Centre opened in April 1976. During the two years of the study (1977 /1978) it had between 312 and 404 beds in use, including obstetrics and gynaecology, all surgical specialities (except cardiac), medicine and paediatrics. It did not have a spinal unit or burns unit. There were separate coronary care and neonatal intensive care units, and a separate recovery room.
The Unit
The Intensive Care Unit (lCU) had six of its eventual 12 beds open during the period of the study. Nurse staffing was such that a 1: 1 nurse: patient ratio could be maintained at all times, and included ICU trained and untrained registered nurses and enrolled nurses. Medical staffing consisted of three senior and three junior staff, all full-time. Responsibility for primary care rested with the ICU staff in consultation with the referring unit.
Equipment for management and monitoring was unrestricted at this stage because all 12 beds had been equipped before the unit opened. The only major facilities lacking were membrane oxygenation, aortic balloon counterpulsation, and a hyperbaric chamber. Full laboratory and technical support was available.
Patients
Because of difficulties in drawing comparisons between units, a system of grading patients was used.
Grade I -Postoperative Care Short-term observation and care of a patient following emergency or elective surgery in whom complications are expected. Minimum stay overnight.
Example: 73-year-old woman with ischaemic heart disease and chronic bronchitis admitted following elective resection of abdominal aortic aneurysm during which blood loss was excessive. She was ventilated overnight, her ECG monitored, and blood replacement completed. Transferred to general ward after 22 hours. Grade 11 -Observation Short-term observation and care of a patient thought likely to develop a serious complication.
Example: 33-year-old woman admitted comatose following ingestion of 1.0 g amitriptyline. Intubation not required. ECG monitoring for 24 hours. Grade III -Intensive Care
Patients who are stable and require intensive nursing care but infrequent physician interventions.
Example: 60-year-old man admitted following motor vehicle accident in which he sustained multiple fractured ribs.
Thoracic epidural analgesia established and maintained for ten days, allowing full co-operation with physiotherapy. Grade IV -Intensive Therapy
Patients who are unstable and require intensive nursing care and frequent physician interventions.
Example: 16-year-old boy admitted with meningococcal meningitis and septicaemia.
Neurologic status on admission required muscle paralysis, ventilation, control of temperature and sedation. Complications during the 23 days of therapy included ARDS requiring the use of PEEP, hypotension and renal failure requiring adrenaline infusion, disseminated intravascular coagulation and cardiac arrest. Recovery was complete.
A dditional Activities
The IeU staff were responsible for three main areas outside the unit: a parenteral nutrition service, a resuscitation service to the hospital, including a resuscitation teaching laboratory, and a retrieval service which provided a specialist and an IeV sister to leave the hospital at short notice to resuscitate and return to the hospital patients requiring its facilities.
MATERIALS AND METHODS
Materials and methods are presented in the accompanying paper (Austin and Phillips 1979) .
RESULTS

Admissions
A total of 938 patients were admitted ( Figure 1 ). There was an admission peak in the third decade, shown to be contributed to by road trauma in males and drug overdose in females. A second peak in the sixth and seventh decades was due to major surgical procedures and their complications. Of the total number of admissions, 31 % were aged less than 30 years, and 48 % less than 50 years. Females predominated or equalled males, except in the fifth, sixth and seventh decades. Overall percentage mortality increased progressively from 2.5 % in the fourth decade to 28 % in the ninth. The route of admission of the patients, their referring pattern, and their grade, is shown in Table 1 . The patterns were remarkably similar each year. Mortality was less in all grades in the second year. Figure 2 indicates the duration of stay of all patients in the unit, shown with the stay pattern of Grade IV patients who died and that of Grade IV survivors. The overall picture shows a mean stay of four days, with a range of 1-66 and peaks for death or discharge between one and three days, and again between 12 and 16 days. Overall, 70% of patients stayed in the unit for less than three days. The mean duration of stay of Grade IV survivors was Anaesthesia and Intensive Care, Vol. VII, No. 4, November. 1979 9.5 days, with a range of 1-66 and peaks for deaths or discharge between three and five days, and again between 12 and 16 days. The mean duration of stay of Grade IV patients who died was 5.5 days, with a range of 1-32 days and a peak for death in the first 48 hours. Overall, males stayed longer than females, especially in Grades III and IV. 4  7  37  50  53  70  34  32  38  44  31  33  3  5  24  5  8  27  23  0  3  22  23  23  38  33  33  126  175 As an example of the value of analysis of clinical data, admissions for drug overdose, which formed the single largest group admitted to the unit (18.6% of total admissions) were examined in some detail (Table 2) . Of all patients admitted with shock. 38 had septic shock. Of these, 15 had renal failure, 11 of them requiring catecholamines. Dialysis was avoides in 9 of these, of whom 5 survived. Similar correlations are possible at each branch in the "tree". antidepressants, aspirin, paracetamol, envenomation, and others. The single largest main drug overdose was with hypnotics (principally barbiturates and benzodiazepines) followed by tricyclic antidepressants. The single largest group by age was in the third decade and females outnumbered males by 2t: 1. A detailed analysis of the hypnotic and tricyclic antidepressant sub-groups showed that coma on admission was common in the hypnotic group, but not the tricyclic. Serious arrhythmias occurred in only two patients -one due to tricyclics and one to chloral hydrate. There was no renal or liver failure, and no death.
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Specific Clinical Correlations
Perhaps the most valuable part of the computer-controlled system is the ability to correlate any of the administrative facts with any of the disease states, form of therapy, monitoring and complications. Figure 3 illustrates the type of correlation whioh can be sought. Septicaemic shock with renal failure is traditionally associated with a high mortality. Over the two years we treated 38 patients with this syndrome using conventional therapy. In the presence of renal failure, as evidenced by oliguria, isosthenuria, and a rising serum creatinine, optimal volume expansion with the aid of pulmonary capillary wedge pressure monitoring followed by constant infusion of adrenaline or dopamine, resulted in return of renal function in nine out of 11 patients. No conclusions can be drawn from this correlation since the numbers are small and the causes of the septicaemia varied. If it is desired to review the relevant case notes, the computer may be asked to provide the Unit Number and date of admission of, for example, all patients admitted with septicaemic shock who developed renal failure and died despite the use of catecholamines and dialysis (Table   3 ).
DISCUSSION
In the last two years we have utilized a computer-controlled system of analysis to record and analyse data from our Intensive Care Unit. This has enabled us to accumulate a large accurate data base which is rapidly and easily accessible and can provide a great variety of information relevant to administration of the unit and assessment of clinical workload. We have shown that much of our resources go towards management of patients not in the most critically ill category, whose immediate prognosis is good.
Data presented in the text show that while 50% of our work relates to emergencies presenting via the Accident and Emergency Department, the remainder comes from general wards, operating theatres, or from other hospitals when unexpected emergencies have developed. A small but definite load was related to children and obstetric patients.
In the most critically ill group of patients (Grade IV) the mortality was 37% in 1977 and 32% in 1978. This group, it should be remembered, is the group that would not survive without intensive care. Pessi (1973) reported a most comprehensive study of the data of a nine-bed surgical intensive care unit in Finland between 1968 and 1971. He drew a number of conclusions from this study, including the facts that classification of intensive care facilitates the evaluation of the results of treatment, and that in evaluating these events, observations on mortality are of primary importance in calculating the cost of intensive care and in estimating its value in modem nursing care. Cullen (1977) studied the workload of the Recovery Room/Acute Care Unit of the Massachusetts General Hospital between 1972 and 1973. He introduced the concept of the Therapeutic Intervention Scoring System (TISS) as a means of describing the severity of illness and correlated the score with duration of stay, mortality, nursing requirements and cost. He also redefined the extent of critical illness using measurable objective data points such as PaO!!, platelet count, cardiac index, blood urea nitrogen (BUN), creatinine, development of acute renal failure, anti arrhythmia therapy, base deficit and state of consciousness. He found that the most important factors in determining survival or death were the disease process and the development of acute renal failure. He stressed the need for standardized terminology for critical illness to facilitate discussion on cost-benefit issues of intensive care and to allow more informed decisions on continuance of intensive care. Tomlin (1978) reviewed the workload of a six-bed unit in England from 1972 to 1976. He was particularly interested in the effectiveness of the unit, the workload it put on the hospital, the effect of changes in clinical management and aspects of cost effectiveness. He did not grade his patients but made the rather sweeping statement that without the unit's facilities, 80% of the patients would have died. There was a high mortality following discharge from the unit, a situation which had improved with the introduction of more sophisticated equipment, but was further limited by the pressure on unit beds.
In our study, grading of patients was done, but not using TISS. Cullen (1977) admits that this is an aid to classification, but it assumes that all physicians intervene similarly and appropriately at each level of critical illness and that institutions are equipped to support many levels of intervention. TomIin (1978) disputed the allocation of points and noted that constant aggressive chest physiotherapy to prevent further interventions merited a low score. A further limitation is that smaller, less well organized units cannot compare their results of therapy with major units. Our Grades IT, III and IV correspond closely with Cullen's, but Grade I does not. Some of our Grade IV patients have achieved a TISS score of 70-80, indicating the need for a 2:1 nurse:patient ratio.
Our unit, being in a new hospital with no pressure on beds and accepting a different patient load to those of Cullen, Tomlin and Pessi, with different policies and at a later date, is clearly difficult to compare with theirs. However, some comparisons have been possible.
Details have not been presented in this paper on workload related to activities outside the unit, but it has been found that management of patients on parenteral nutrition, provision of a resuscitation service, provision of a retrieval service and maintenance of resuscitation equipment throughout the hospital, together with resuscitation teaching, can all be done effectively by the ICU staff, resulting in an efficient service, at the same time reducing the workload on other less well staffed areas.
Our system has been used to provide some administrative and clinical information and correlations. Further development along these lines is being directed at examining the following matters, some of which have been raised previously (Phillips 1977 ): I. Reduction in mortality and morbidity with newer forms of management. 2. Establishment of more accurate criteria for acceptance of patients into ICU. 3. Establishment of prognostic criteria to allow appropriate termination of life support. 4. Improved cost effectiveness of the unit.
Detailed costing of the unit has not been carried out. However, staff salaries at present approximate $250 per bed per day. Previous studies have shown that staff costs are at least 50% of total operating costs (Civetta 1973, Phillips and Ryan 1975) . Our total overall cost would thus approximate $500 per bed per day, as compared with a general bed cost of $190. If grading is taken into consideration, costs vary from approximately $200 (Grade I) to $600 (Grade IV) per patient per day. Opening the remaining six beds would reduce the cost since existing medical and support staff would manage the 12 beds. 5. Application of the system to other units.
Because of the power of the computer system, pooling of data from major intensive care units across the country would rapidly accumulate a large body of information of administrative, clinical and social value.
